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Evidence regarding the seasonality of urinary tract infection (UTI) consultations in primary 
care is conflicting and methodologically poor. To our knowledge, this is the first study to 
determine whether this seasonality exists in the UK, identify the peak months and describe 
seasonality by age. The monthly number of UTI consultations (N=992803) and nitrofurantoin 
and trimethoprim prescriptions (N=1719416) during 2008-2015 were extracted from The 
Health Improvement Network (THIN), a large nationally representative UK dataset of 
electronic patient records. Negative binomial regression models were fitted to this data to 
investigate seasonal fluctuations by age group (14–17, 18–24, 25–45, 46–69, 70–84, 85+) 
and by sex, accounting for a change in the rate of UTI over the study period. A September to 
November peak in UTI consultation incidence was observed for ages 14-69. This seasonality 
progressively faded in older age groups and no seasonality was found in individuals aged 
85+, in whom UTIs were most common. UTIs were rare in males but followed a similar 
seasonal pattern than in females. We show strong evidence of an autumnal seasonality for 
UTIs in individuals under 70 years of age and a lack of seasonality in the very old. These 
findings should provide helpful information when interpreting surveillance reports and the 





In England, urinary tract infections (UTIs) are the most common cause of emergency 
admission to hospital amongst conditions that could be managed appropriately in the 
community, with age and sex adjusted admissions per 100000 population increasing from 
102 in 2001/02 to 229 in 2012/13[1]. UTI sequelae include frequent recurrences, 
pyelonephritis, bloodstream infection (BSI) and complications associated with frequent 
antibiotic use, such as antibiotic resistance and Clostridium difficile colitis[2]. In 2015, UTIs 
in the overall population were the second most common cause for antibiotic prescribing in 
primary care and prescribing for UTI has been increasing from 2010 to 2015[3]. Most of this 
prescribing is likely to be in women, as UTIs are more prevalent in women[2]. As such, 
antibiotic treatment for UTI is an important driver of antibiotic resistance. 
Understanding the seasonality dynamics of UTI may provide a valuable insight into the 
determinants of infection, which can help clinicians and infection control specialists 
understand the risk factors for these infections and ultimately improve their prevention. Any 
seasonality should also be accounted for in the evaluation of interventions against UTI, as 
decreases in incidence due to seasonality could be misinterpreted as decreases caused by 
the intervention. Seasonality is also important when interpreting surveillance datasets and 
antibiotic prescription datasets, as increases in incidence or prescriptions could be 
misinterpreted as outbreaks or inappropriately high prescribing.  
Whilst some bacterial infections seem to exhibit a winter seasonal pattern in temperate 
climates, such as bacterial meningitis[4,5], other infections such as Campylobacter and 
Salmonella infection are more common during the warmest months of the year[6,7]. 
Dehydration has been suggested to increase the risk of UTI, by causing lower rates of urine 
flow and voiding frequency, which may delay bacterial eradication from the urinary tract[8].  
Due to increases in temperature during summer time, which can make individuals prone to 
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dehydration, UTIs could be expected to peak in summer. These changes could be 
particularly marked in the elderly population, who are prone to dehydration[9]. However, 
drinking more water in summer could also cause dehydration to be less common this 
period. Sexual activity is also a known risk factor for UTI and may also influence UTI 
dynamics[2].  
Evidence regarding the seasonality of UTIs from the literature is conflicting (Table S1, 
Appendix 1). One study showed UTI incidence was higher in the winter[10], 1 in autumn[11], 
and others in summer[12–16]. Additional studies suggested seasonality varied by causative 
organism[17,18] and by whether patients were seen by general practitioners (GPs) or in 
hospital[19]. These differences may be partly caused by the use of inadequate methodology 
(for example, comparing incidence without any formal statistical analysis[10,15,18,20]), the 
assessment of seasonality in different geographical areas (for example, in Norway[11] vs. in 
Greece[13]), different species (for example, Escherichia coli and Staphylococcus 
saprophyticus[18]), and different case-mix (for example, in children[10,15,20] vs. in all 
ages[11,14,16,18,21], in the community[11–13,15,17,18,20] vs. in hospital[10,16] or in 
females[12,17,19,21] vs. both sexes[10,11,13–16,18,20]).  
In order to explore the seasonality and trends of UTI in the UK over 2008-2015, we analysed 
UTI consultations and antibiotic prescriptions by GPs in different age groups using data from 
a nationally representative database of electronic health records from primary care, The 






THIN is a validated database of primary care consultation data covering over 3.7 million 
active patients which are demographically representative of the UK[22–24]. The monthly rate 
of de-duplicated UTI consultations and nitrofurantoin and trimethoprim prescriptions by age 
and sex, for 2008-2015, were extracted from THIN (see Appendix 2 and Appendix 3 for 
details). 
Statistical methods 
Negative binomial models were separately fit to the rate of UTI consultations and 
trimethoprim and nitrofurantoin prescriptions in order to assess trend and seasonality. These 
were repeated by age group (14-17, 18-24, 25-45, 46-69, 70-84, 85+) and by sex (full model 
described in Appendix 4). All models included a trend term modelled as a quadratic function 
of time. 
A seasonality term was then added to the models. The dispersion parameter was fixed at the 
estimate derived for the seasonal model, which was more complex. This enabled to compare 
the fit of the models with and without the seasonality term using the Akaike Information 
criterion (AIC) and the percentage of deviance explained by the model. In addition, a 
correlogram was plotted to explore the correlations between the residuals of the model and 
the lagged values of the residuals for lags 1-12 (over the course of a year). Adding an 
autoregressive term at lag of 1 month in the regression to test for local statistical 
dependence or autocorrelation was also explored, as it is common for infection time series 
data; however, it did not significantly improve the fit of the models.  
All the analysis was carried out in R version 3.3.0[25] using the glm.nb function in the MASS 
package[26] to obtain the theta (the dispersion parameter) of the full model. Subsequently 




In order to assess coding reliability for UTI consultations in THIN, we calculated the 
percentage of monthly trimethoprim and nitrofurantoin prescriptions that had a UTI 
consultation coded on the same day. These appeared to follow a cyclical pattern during the 
year; therefore, in order to account for any seasonality in coding, the monthly UTI 
consultations were scaled for each age group by dividing by a scaling factor. This scaling 
factor was the percentage of UTIs coded in each month (as described above) divided by the 
maximum percentage coded over the study period for that age group. As a sensitivity 
analysis, the seasonality was also assessed in these scaled UTIs. We also repeated the 





UTI consultations and trimethoprim and nitrofurantoin prescriptions 
Between 1 January 2008 and 31 December 2015, there were 992,803 de-duplicated UTI 
consultations and 1719416 de-duplicated trimethoprim and nitrofurantoin prescriptions 
reported to THIN. The mean monthly rate of UTI consultations and trimethoprim and 
nitrofurantoin prescriptions per 100000 population for all age groups and by sex is shown in 
Table 1. Both measures increased steeply with age, particularly in males (see Table 1).  
Trend 
Although coding for UTI consultations by GPs was poor, it remained stable over the study 
period (the percentage of trimethoprim and nitrofurantoin prescriptions that had a UTI 
consultation coded on the same day fluctuated between 35-41% during the study period), 
enabling the study of trend over time (Figure S2). With the exception of males aged 70-84, 
the rate of UTI consultations for both males and females of all age groups decreased during 
the study period, as shown by the greatly improved AIC when adding a linear trend term to 
the model (see Figure S3, Table S2 and Table S3). This decrease was particularly 
pronounced for females aged 85 or older. The trend in the UK was very similar to the trend 
in England (Figure S4).  
Seasonality by age 
Adding a seasonal component to the negative binomial regression greatly improved the 
model fit to the data for ages 14-17, 18-24, 25-45 and 46-69, as measured by the AIC and 
the percentage of deviance explained by the model (see Table 2), showing UTI consultations 
in these age groups follow a cyclic yearly pattern. For ages 70-84, there was also a notable 
improvement in model fit; however, in those aged 85 or older, the improvement was minimal. 
In younger ages there is no overlap between the 95% CIs of the models with and without 
seasonality during the September to November period for most years (Figure 1). However, 
the 95% CIs of the 2 models overlap substantially for those aged 85+.  
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The correlograms in Figure 1 show the autocorrelation functions for the residuals of the 
regression models without seasonality at lags of 0-12 months. For ages 14-17, 18-24, 25-45 
and 46-69, the correlograms show oscillatory patterns consistent with seasonality. This 
pattern is less pronounced in the 70-84 year olds and disappears in those aged 85+. With 1 
exception (January 2014), the month of the year with the highest number of UTI 
consultations in those aged under 85 every year from 2008 to 2015 were between 
September and November (Table S4).  
The same seasonal pattern was observed for the scaled monthly UTI consultations (Figure 
S5 and Table S5), for trimethoprim and nitrofurantoin prescriptions (Figure S6), when 
restricting the analysis to England (Figure S7), and when analysing the seasonality of urine 
samples submitted to the AmSurv database[27] in the West Midlands (data not presented 
here).  
Seasonality by sex 
Figure 2 shows the seasonality of the rate of UTI consultations by sex and large groupings of 
age for which we have shown seasonality to vary (<85 and 85+). UTIs in males followed a 
similar pattern to females; however, they were rare, which reduced statistical power to detect 
seasonality. Including a seasonal component into the regression model of the younger age 
group improved the model fit (the AIC decreased from 1092.5 to 1066.3 and the percentage 
deviance explained by the model more than doubled from 12.9 to 34.8). There was also an 
oscillatory pattern visible in the correlogram, although few correlations were significant. This 
contrasted with a clear lack of oscillatory shape in the correlogram for UTI consultations in 
males aged 85 and older and a lack of improvement in model fit when adding a seasonal 
term (the AIC increased from 816.5 to 819.1 and the percentage deviance explained by the 
model only increased very slightly from 32.9 to 35.3). This is similar to what is observed for 






There was a September to November peak in UTI consultations and in trimethoprim and 
nitrofurantoin prescriptions for UTI in those aged 14-69 in the UK; however, this seasonality 
gradually disappeared with age and was not apparent in those aged 85 or older. Similar 
patterns were observed for males and females, although male UTIs were rare, which 
reduced statistical power.  
Mechanism 
The exact mechanism surrounding the seasonality of UTI consultations observed is likely to 
be complex, involving interactions between real UTI incidence, healthcare seeking 
behaviour, access to care and severity. A full analysis of the mechanisms underlying the 
autumnal seasonality observed in younger age groups is beyond the scope of this study and 
warrants further research. However, these could be influenced by sexual behaviour patterns, 
as recent sexual intercourse is an important risk factor for UTI in young women[28]. Given 
that the seasonal peak was not in high summer, when one might expect more dehydration, 
the influence of dehydration and temperature on UTI incidence in younger age groups 
remains unclear. 
Risk factors for UTI in the elderly include recurrent UTIs, incontinence, catheter use, 
disruptions to the normal vaginal flora, diabetes mellitus, prostatic hypertrophy (in men), and 
cognitive impairment or other comorbidities that may impede adequate self-hygiene[29]. 
These risk factors are less likely to be influenced by seasonal variation. UTIs in the very old 
can be considered a symptom of general frailty and poor care, such as consistent 
dehydration throughout the year, poor hygiene or inadequate catheter care. Our findings do 
not suggest a different seasonality in men and women; therefore, it is unlikely that the lack of 
seasonality detected in the very old is driven by the increase in the proportion of UTIs that 
are in males in this age group.  
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The decrease in GP consultations for UTI contrasts with the steady increase in admissions 
to hospital for UTIs in England (which did not include A&E attendances)[1,30]. While these 
are not truly comparable datasets, this difference between the GP and hospital data could 
indicate an increase in severity of UTIs or treatment failure due to antibiotic resistance, 
which means UTIs could more frequently warrant hospitalisation. Increases in hospital 
admissions for UTI could also denote shortfalls in the management of UTI in the community, 
for example in social care and community nursing[31], as well as correct antibiotic treatment 
in primary care, which are important in preventing admissions to hospital. 
Findings in context 
Many studies that addressed seasonality in the literature simply reported differences in 
incidence[10,15,18,20]. One of the studies set in the UK reported a peak in S. saprophyticus 
UTI in mid-September and a peak in all Gram-negative bacilli other than Proteus spp. and 
Pseudomonas spp. (aggregated) in March[17]. The latter comprise the majority of the 
organisms that cause UTI; therefore, their findings are not in agreement with ours. That 
study assessed the seasonality of urine specimens from 1978-1983 and the epidemiology 
and sampling of UTIs could have changed greatly since then. The other study from the UK 
found a higher number of UTIs during the winter months in children seen in hospital in 
Durham[10]. As we examined only adults in our study and the authors did not report their 
methods so a comparison is not possible.  
The seasonality of UTIs has been studied in other countries; however, the findings from 
these studies are also conflicting (Table S1). Two studies reported autumnal peaks in 
incidence[11,19]. However, neither employed appropriate methods to assess seasonality. 
Eriksson et al. (2012) only reported the monthly total of samples received for 1 year and 
Vorland et al. (1985) studied seasonality in large aggregated time periods, which resulted in 
loss of information.  
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In England, the seasonality of E. coli bloodstream infections (BSIs) varied by region[32]. As 
the urinary tract has been reported to be a primary source of infection for bloodstream 
infections, the seasonality of UTIs could also vary by region.  
Strengths and limitations 
This study, to the best of our knowledge, is the first to formally assess the trend and 
seasonality of UTI consultations in the UK. This was a large study carried out in THIN, which 
is a validated database of primary care consultation data covering over 3.7 million active 
patients which are demographically representative of the UK[22–24]. It was carried out over 
a period of 8 years (January 2008 to December 2015), which should help minimize the bias 
of detecting patterns that only occurred sporadically. In addition, we repeated the UTI 
consultations analysis for trimethoprim and nitrofurantoin prescriptions, which confirmed our 
findings. 
We found that the percentage of trimethoprim or nitrofurantoin prescriptions that had a UTI 
consultation coded on the same day (a proxy for UTI consultation coding) was low; however, 
it remained relatively stable during the study period, at between 35-41%. We also 
acknowledge that, as this study focused on patients with UTIs that presented to primary 
care, our conclusions may not extend to complicated UTIs seen in hospital, nor to UTIs that 
resolved with over-the-counter medication such as alkalinising agents and didn’t warrant a 
GP visit. In addition, although we used the analysis of seasonality in trimethoprim and 
nitrofurantoin prescriptions as a sensitivity analysis, there are also limitations in using these 
as proxy for UTI consultation as they do not make up the entirety of prescriptions for UTIs in 
secondary care. 
Clinical implications 
Our findings highlight that UTI prevention in the elderly should not only involve avoiding 
dehydration in these patients during the summer months, but warrants attention throughout 
the year, as UTIs in this population are common year round and can be regarded as a 
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symptom of general frailty and poor care. We also provide helpful information for the 
interpretation of the results of interventions and surveillance reports. For example, a 
decrease in UTI incidence in spring could be due to the effectiveness of a trialled 
intervention against UTIs, the seasonal pattern in UTIs, which yearly decrease during this 
period, or a combination of both, and their effect should be disentangled in order to correctly 
interpret the intervention effectiveness. Oppositely, an increase in incidence or antibiotic 
prescription during the autumn should be interpreted in the context of the yearly peak 
observed during this time.  
Further research  
Further research should focus on understanding the causes of the peak in UTI incidence 
during the autumn in those aged 14-69, which could then help select strategies for their 
avoidance and treatment. The differences in trend between GP consultations and hospital 
admissions for UTI also warrant further study. This will be important in order to improve the 
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Figure and table legends 
Table legends 
Table 1. Descriptive table of the rates of UTI consultations and trimethoprim and nitrofurantoin 
prescriptions by age group and sex. These were de-duplicated to 1 per patient per 30-day period in order to 
approximate episodes of infection (1 nitrofurantoin or trimethoprim prescription during the 30-day period). 
Table 2. Akaike information criteria (AIC) and the percentage deviance explained by the models of UTI 





Figure 1. Seasonality in UTI consultations coded in the UK per 100000 person years by age. The left 
panels show the rate of UTI consultations by age group. The central red lines represent the fitted predictions of 
the negative binomial polynomial regression model of degree 2 with the number of patients registered at each of 
the GP practices on the 1st of July (mid-year) each year of the study as offset. The central blue lines represent 
the fitted predictions of the same model but with a seasonal component included. The shaded areas represent 
the 95% confidence intervals for their respective models. These were calculated using the standard errors from 
the predict function, which calculates the confidence intervals around the mean. The right panels show the 
correlograms for the residuals of the regression models without seasonality at lags of 0-12 months for each age 
group. The September to November period is shaded in grey. The UTI consultations were de-duplicated to 1 per 




Figure 2. Seasonality in UTI consultations coded in the UK per 100000 person years by age group and 
sex. The left panels show the rate of UTI consultations by age group and sex. The central red lines represent the 
fitted predictions of the negative binomial polynomial regression model of degree 2 with the number of patients 
registered at each of the GP practices on the 1st of July (mid-year) each year of the study as offset. The central 
blue lines represent the fitted predictions of the same model but with a seasonal component included. The 
shaded areas represent the 95% confidence intervals for their respective models. These were calculated using 
the standard errors from the predict function, which calculates the confidence intervals around the mean. The 
right panels show the correlograms for the residuals of the regression models without seasonality at lags of 0-12 
months for each age group. The September to November period is shaded in grey. The UTI consultations were 





1. Ian Blunt. Trends in emergency admissions for ambulatory care sensitive 
conditions, 2001 to 2013. QualityWatch: Focus on preventable admissions. 
2013. 
[http://www.health.org.uk/sites/health/files/QualityWatch_FocusOnPreventable
Admissions.pdf]. Accessed 27 October 2017 
2. Flores-Mireles AL, et al. Urinary tract infections: epidemiology, mechanisms 
of infection and treatment options. Nature, 2015; 13: 269–284.  
3. Public Health England. English surveillance programme for antimicrobial 
utilisation and resistance (ESPAUR) report 2016. 2016. 
[https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/
575626/ESPAUR_Report_2016.pdf]. Accessed 27 October 2017  
4. Opatowski L, et al. Assessing pneumococcal meningitis association with viral 
respiratory infections and antibiotics: insights from statistical and mathematical 
models. Proceedings of the Royal Society B, 2013; 280: 20130519–20130519.  
5. Paireau J, et al. Seasonal dynamics of bacterial meningitis: a time-series 
analysis. The Lancet, 2016; 4: e370-377.  
6. Louis VR, et al. Temperature-driven Campylobacter seasonality in England 
and Wales. Applied and Environmental Microbiology, 2005; 71: 85–92.  
7. Yun J, et al. Association between the ambient temperature and the 
occurrence of human Salmonella and Campylobacter infections. Scientific 
Reports 2016; 6: 28442.  
8. Beetz R. Mild dehydration: a risk factor of urinary tract infection? European 
18 
 
Journal of Clinical Nutrition, 2003; 57: S52–S58.  
9. Wolff A, Stuckler D, McKee M. Are patients admitted to hospitals from care 
homes dehydrated? A retrospective analysis of hypernatraemia and in-hospital 
mortality. Journal of the Royal Society of Medicine, 2015; 108: 259–265.  
10. Stansfeld JM. Clinical observations relating to incidence and aetiology of 
urinary-tract infections in children. British Medical Journal, 1966; 1: 631–635.  
11. Vorland LH, Carlson K, Aalen O. Antibiotic resistance and small R plasmids 
among Escherichia coli isolates from outpatient urinary tract infections in 
northern Norway. Antimicrobial Agents and Chemotherapy, 1985; 27: 107–
113.  
12. Anderson JE. Seasonality of symptomatic bacterial urinary infections in 
women. Journal of Epidemiology and Community Health, 1983; 37: 286–290.  
13. Falagas ME, et al. Effect of meteorological variables on the incidence of lower 
urinary tract infections. European Journal of Clinical Microbiology & Infectious 
Diseases,  2009; 28: 709–712.  
14. Rossignol L, et al. A method to assess seasonality of urinary tract infections 
based on medication sales and google trends. PloS one, 2013; 8: e76020.  
15. Yolbaş I, et al. Community-acquired urinary tract infections in children: 
pathogens, antibiotic susceptibility and seasonal changes. European Review 
for Medical and Pharmacological Sciences, 2013; 17: 971–976.  
16. Melamed RD, Khiabanian H, Rabadan R. Data-driven discovery of 
seasonally linked diseases from an Electronic Health Records system. BMC 
19 
 
Bioinformatics, 2014; 15 Suppl 6: S3.  
17. Pead L, Maskell R, Morris J. Staphylococcus saprophyticus as a urinary 
pathogen: a six year prospective survey. British Medical Journal, 1985; 291: 
1157–1159.  
18. Ferry S, Burman LG, Mattsson B. Urinary tract infection in primary health 
care in northern Sweden. Scandinavian Journal of Primary Health Care, 1987; 
5: 123–128.  
19. Eriksson A, Giske CG, Ternhag A. The relative importance of 
Staphylococcus saprophyticus as a urinary tract pathogen: distribution of 
bacteria among urinary samples analysed during 1year at a major Swedish 
laboratory. APMIS, 2013; 121: 72–78.  
20. Kwok W-Y, et al. Incidence rates and management of urinary tract infections 
among children in Dutch general practice: results from a nation-wide 
registration study. BMC Pediatrics, 2006; 6: 10.  
21. Stamm WE, et al. Natural history of recurrent urinary tract infections in 
women. Reviews of Infectious Diseases, 1991; 13: 77–84.  
22. Blak BT, et al. Generalisability of The Health Improvement Network (THIN) 
database: demographics, chronic disease prevalence and mortality rates. 
Informatics in Primary Care, 2011; 19: 251–255.  
23. IMS Health. [http://www.epic-uk.org/our-data/our-data.shtml]. Accessed 21 
April 2017.  
24. Bourke A, Dattani H, Robinson M. Feasibility study and methodology to 
20 
 
create a quality-evaluated database of primary care data. Informatics in 
Primary Care, 2004; 12: 171–177.  
25. R Core Team. R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. 2017.  
26. Venables WN, Ripley BD. Modern Applied Statistics with S. Fourth Edi. New 
York: Springer, 2002.  
27. Ironmonger D, et al. AmWeb: a novel interactive web tool for antimicrobial 
resistance surveillance, applicable to both community and hospital patients. 
Journal of Antimicrobial Chemotherapy, 2013; 68: 2406–2413.  
28. Hooton TM, et al. A Prospective Study of Risk Factors for Symptomatic 
Urinary Tract Infection in Young Women. New England Journal of Medicine, 
1996; 335: 468–474.  
29. Rowe TA, Juthani-Mehta M. Urinary tract infection in older adults. Aging 
health 2013; 9. Published online: October 2013.doi:10.2217/ahe.13.38.  
30. NHS England. Emergency admissions for Ambulatory Care Sensitive 
Conditions – characteristics and trends at national level. 2014. 
[https://www.england.nhs.uk/wp-content/uploads/2014/03/red-acsc-em-
admissions-2.pdf]. Accessed 27 October 2017 
31. Age UK. Briefing: Health and Care of Older People in England 2017. 2017. 
[https://www.ageuk.org.uk/Documents/EN-GB/For-
professionals/Research/The_Health_and_Care_of_Older_People_in_England
_2016.pdf?dtrk=true]. Accessed 27 October 2017 
21 
 
32. Deeny SR, et al. Seasonal changes in the incidence of Escherichia coli 
bloodstream infection: variation with region and place of onset. Clinical 
Microbiology and Infection, 2015; 21: 924–929.  
